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 Recognition memory studies often find that emotional items are more likely than neutral items 
to be labeled as studied. Previous work suggests this bias is driven by increased memory 
strength/familiarity for emotional items.  We explored strength and bias interpretations of this effect 
with the conjecture that emotional stimuli might seem more familiar because they share features with 
studied items from the same category.  Categorical effects were manipulated in a recognition task by 
presenting lists with a small, medium, or large proportion of emotional words.  The liberal memory 
bias for emotional words was only observed when a medium or large proportion of categorized words 
were presented in the lists.  Similar, though weaker, effects were observed with categorized words that 
were not emotional (animal names).  These results suggest that liberal memory bias for emotional items 
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 There is considerable interest in understanding how emotion affects memorial processing.  
Numerous studies have shown enhanced memory for emotional stimuli, meaning individuals better 
remember previously encountered emotional items compared to neutral items (e.g., Doerksen & 
Shimamura, 2001; Kensinger & Corkin, 2003).  LaBar and Cabeza (2006) reviewed evidence that 
emotion improves long-term consolidation of memory, suggesting that enhanced memory is less likely 
to be seen when participants are tested immediately after the study phase (see also Kensinger & Corkin, 
2003).  Indeed, many studies have found equal or poorer memory for emotional compared to neutral 
stimuli, especially when tested with immediate recognition (Dougal & Rotello, 2007; Johansson, 
Meckinger, & Tresse, 2004; Kapucu, Rotello, Ready, & Seidl, 2008; Sharot, Delgado, & Phelps, 2004).  
However, it has been suggested that such null effects in studies of emotional memory could be driven 
by methodological problems (Grider & Malmberg, 2008; but see Thapar & Rouder, 2009).  Another, 
more robust finding comes from recognition tasks, in which participants decide whether test items had 
been previously studied or not.  These tasks typically show that emotional items are more likely to be 
labeled as studied than comparison neutral items, even when the emotional items had not been studied.  
Using two-alternative forced choice tasks, Thapar and Rouder (2009) found that emotional valence 
increased bias for emotional items, and Dougal and Rotello (2007) used receiver operating 
characteristic (ROC) analyses to show that higher hits and false alarms for emotional items was driven 
by higher memory strength for emotional items relative to the decision criterion.   
The goal of the present study was to explore this memory bias and determine what 
characteristics of the emotional items are most responsible for it.  Specifically we tested the extent to 
which the categorical nature of emotional stimuli contributes to the recognition bias.  Emotional words 
like death, hurt, disease, and failure have common category-related features.  If many emotional words 
are studied together in the context of a list, then memory for that context will contain strong traces of 
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those shared emotional features.  In essence the gist of that context will have an emotional tone.  
Consequently when a test word like cancer is used to probe memory, it would match the context more 
strongly because it shares features with the other negatively-valenced items in memory.  Such 
categorical effects are naturally predicted by global memory models in which the features of a test item 
are matched to the stored features in the memory trace (e.g., Grider & Malmberg, 2008; Shiffrin & 
Steyvers, 1997).  Categorical effects of this sort have been studied extensively using the Deese, 
Roediger, and McDermott (DRM) paradigm in which many words from a category are studied (Deese, 
1959; Roediger & McDermott, 1995).  DRM tasks typically result in an increased false alarm rate for 
lures from the same category as the studied words, consistent with increased memory strength for those 
items.  While this categorical mechanism would affect emotional words that share many overlapping 
features, it would not affect uncategorized neutral words like barn, novel, sunset, and employee, that 
lack shared categorical features.  In this sense the memorial bias for emotional items could be largely 
driven by effects outside of valence and arousal.     
 We tested to what degree the category membership of emotional stimuli accounts for the liberal 
memory bias shown in recognition memory.  We focus on category membership rather than relatedness 
because liberal memory bias has been shown for emotional items even when relatedness is controlled.  
Dougal and Rotello (2007) and Kapucu et al. (2008) found a liberal memory bias for emotional words 
even when comparison neutral items were matched for overall semantic interrelatedness using latent 
semantic analysis (Landauer, Foltz, & Laham, 1998), suggesting that relatedness alone does not 
account for the effect.  Importantly, however, effects of category membership were not controlled 
because all of the negative items belonged to one category, whereas the neutral items did not (to the 
extent that "neutral" is not a salient category).    
 To explore the effects of category membership on memory for emotional items, we manipulated 
the proportion of emotional words in a recognition paradigm where participants made old/new 
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judgments and provided confidence ratings.  In Experiment 1 participants received study and test lists 
with neutral words and either a low, medium, or high proportion of negative emotional words.  The 
rationale was that if very few emotional words appeared in the study list, the shared emotional features 
would not be strongly represented in the memory trace, and thus would not strongly affect memory 
bias for emotional words at test.  In contrast, if a large proportion of emotional words were studied, the 
shared features would be strongly represented in memory and thus increase the memory strength and 
bias for tested emotional words.  If the memory bias driven by category membership rather than 
emotion, there should be little or no bias when the category saliency is low (low proportion), but a 
much larger bias when it is high (high proportion).  Conversely, if emotion drives the bias independent 
of categorical effects, there should be similar bias at each level of the proportion manipulation.  
Experiment 2 replicated this design with non-emotional, categorized words (animal names) to 
determine whether a similar pattern obtains.  If the results are similar for a non-emotional category it 
would suggest that the bias for emotional items is driven more by category membership than emotion 
per se.  To better differentiate between memory accuracy and bias effects, confidence ratings were 
collected to allow receiver-operating characteristic analyses.  Whereas traditional measures of 
discriminability, like d', are often confounded with differences in bias (see Macmillan & Creelman, 
2005; Rotello, Masson, & Verde, 2008), ROC curves clearly distinguish bias effects from memory 
accuracy (discriminability) effects.   
 
Experiments 
 Two recognition memory experiments were performed that differed only in the type of 
categorized words used (Experiment 1: negative emotional words; Experiment 2: animal names).  
Within each experiment, the study and test lists contained either a low (12.5%), medium (25%), or high 
(50%) proportion of words from the category. 
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Participants.  Undergraduate students participated in the experiment for course credit.  There were 85 
participants in Experiment 1 (negative emotional words) from the Ohio State University, with 28, 29, 
and 28 participants in the low-, medium-, and high-conditions respectively.  There were 63 participants 
in Experiment 2 (animal names) from the University of Massachusetts, with 21, 23, and 20 in the low-, 
medium-, and high-conditions.   
 
Materials.  Stimuli consisted of a matched set of negative-emotional and uncategorized neutral words 
for Experiment 1, and a separate matched set of animal names and uncategorized neutral words for 
Experiment 2.  Stimuli for Experiment 1 were the same as in Dougal and Rotello (2007 Exp. 1B).  
Because memory bias effects were shown to be larger for negative compared to positive emotional 
words (Dougal & Rotello, 2007), only the negative and neutral words were used in the present study.  
The two word pools were created from the ANEW pool of words (Bradley & Lang, 1999).  There were 
96 negative arousing words (e.g., poison, torture, and nightmare) and 192 neutral nonarousing words 
(e.g., avenue, branch, and concentrate) that differed in valence (Memotional=2.24, Mneutral=5.16) and 
arousal (Memotional = 6.63, Mneutral=4.15).  The word pools were matched on word frequency (Francis & 
Kucera, 1982) and semantic interrelatedness using latent semantic analysis (LSA; Landauer et al., 
1998).  However, as noted above the neutral words belonged to a range of different categories.    
 Experiment 2 used the same design as above, but the emotional words were replaced with 
words from a non-emotional category: animal names.  Animal names like beaver, trout, and ostrich 
were taken from the Van Overschelde, Rawson, and Dunlosky (2004) database, which is an extended 
version of the classic Battig and Montague (1969) category norms.  Additional animal names were 
added to create one pool of 96 names that was matched to a set of neutral words (similar to those used 
in Exp. 1) on word frequency and semantic interrelatedness.  Since these words were chosen to 
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demonstrate categorical effects independently of emotion, we excluded all animal names that were 
deemed arousing or emotionally-valenced (e.g., spider).  A separate sample of 16 participants provided 
valence and arousal ratings for the words in Experiment 2, confirming that the animal names did not 
differ from the neutral words in valence [Manimal = 5.13, Mneutral=5.01, t(15)=1.3, p=.21] or arousal 
ratings [Manimal =4.95, Mneutral=4.89, t(15)=.73, p=.48].  The uncategorized neutral stimuli were similar 
in both experiments, though there were some differences to account for differences in the target stimuli 
against which they were matched (see Appendix).     
 
Design.  Participants studied a single list of words and then had to discriminate between old and new 
words at test.  The proportion and type of categorized words in the lists varied across participants.  
Each participant was assigned randomly to receive a low-, medium-, or high-proportion of categorized 
words from the negative emotional word pool or the animal names word pool.  Two primacy and two 
recency items were presented at the beginning and end of the study lists, but were not included in the 
analyses.  For the remaining 96 words in the study list, there were 12 categorized words for the low-
proportion condition (and therefore 84 neutral stimuli), 24 categorized words for the medium-
proportion condition (72 neutral), and 48 categorized words for the high-proportion condition (48 
neutral).  In the low- and medium-proportion conditions the categorized words were spaced by at least 
4 trials, but in the high-proportion conditions this spacing was not possible.  The test lists included the 
96 items from the study list plus 96 lures with the same composition as the study list (i.e., for the low 
proportion test there were 12 studied and 12 new emotional items, plus 84 studied and 84 new neutral 
items).  Trial order was randomized separately for each participant.   
 
Procedure.  The study list consisted of 100 words (96 plus 4 buffer words) each presented for 2500 
ms, with a 500 ms ISI.  Participants were told to study each word for a later, unspecified memory test.  
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The test list was presented directly after the study list, and each item in the test list was presented on 
the screen until a response was given.  Participants first indicated whether the test word was old or new 
by pressing the "/" and "z" keys respectively in Experiment 1, or the "v" and "m" keys in Experiment 2.  
They then indicated their confidence by pressing the 1 (sure), 2 (probably), or 3 (maybe) key.  They 
were instructed to respond quickly and accurately.  No error feedback was provided.   
   
Results 
 Summary statistics are shown in Table 1, and hit and false alarm rates and ROC curves are 
shown in Figure 1.  To summarize the results, the liberal memory bias for negative emotional words 
was only shown when the categorical effects were salient (medium and high proportion), suggesting 
the increased strength for emotional items is strongly driven by effects of category membership.  A 
similar, albeit weaker, pattern was found with animal names that lacked emotional valence, supporting 
the significant role of category effects for the liberal recognition bias.   
 
(place Table 1 about here) 
 
 Overall Response Rates.  For each experiment, a mixed 3x2x2 ANOVA was performed on the 
“old” response data, with proportion (low, medium, high) as the between factor and stimulus type 
(categorized, neutral) and study status (studied or new) as within factors.  For Experiment 1 (negative 
words), there was a main effect of stimulus type [F(1,82)=45.9, MSE = .585, p < .001], with higher hit 
and false alarm rates for negative words than neutral words.  The interaction between stimulus type and 
proportion was significant [F(2,82)=9.11, MSE=.116, p< .001], showing that the proportion 
manipulation affected the negative words more than the neutral words.   The three-way interaction 
reached significance [F(2,82)=4.29, MSE = .021, p = .017], showing that the category-proportion effect 
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differed for hits and false alarms.  Planned comparisons revealed significantly more hits for negative 
compared to neutral words in each of the three proportion conditions (ts > 2.5, see Figure 1), but the 
effect did not vary across proportion [F(2,82) = 2.08, MSe= .02, p = .15].  In contrast, the increase in 
false alarms for negative words did vary across proportion [F(2,82) = 8.49, MSe = .10, p < .001].  
Planned comparisons showed that the increase in false alarms for negative words was significant in the 
high-proportion [t(27) = 6.89, p < .001] and medium-proportion [t(28) = 2.12, p = .042] conditions, but 
not in the low-proportion condition [t(27) = .59, p = .56].  Thus increasing the saliency of the category 
affected the liberal bias primarily by increasing the false alarm rate for negative words.  
(place Figure 1 here) 
 
 The results for animal names in Experiment 2 were strikingly similar.  There was a main effect 
of stimulus type with more hits and false alarms for animal names compared to neutral words [F(1,60) 
= 35.9, MSE = .168, p < .001].  The interaction between stimulus type and proportion was significant 
[F(2,60) = 3.19, MSE = .008, p =.048], showing that the proportion manipulation affected the animal 
names more than the neutral words.  The three-way interaction approached significance [F(2,60)=2.89, 
MSE = .012, p = .064], suggesting different category-proportion effects for hits and false alarms.  
Planned comparisons showed a pattern similar to the results of Experiment 1.  Hit rates were higher for 
animal names in each proportion condition (ts > 2.5), but the difference did not vary with proportion 
[F(2,82) =.182, MSe=.001, p =.83].  For false alarms there was a marginally significant interaction 
between stimulus type and proportion [F(2,60) = 2.7, MSe = .019, p = .076], with higher false alarms 
for animal names in the high proportion [t(18) = 3.24, p = .005] and medium proportion [t(22) = 2.23, 
p =.036] conditions, but not the low proportion condition [t(20) = .665, p =.52].  Again the effects of 
category membership were most prominent in the false alarm rate for the categorized lures. 
 Across both experiments the false alarm rate for categorized words increased with proportion.  
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There was little evidence for a memorial bias in the low-proportion condition but a significant increase 
in false alarms for categorized words in the medium- and high-proportion conditions.  We turn now to 
the ROC data to corroborate these results. 
 
 ROC analyses.  ROCs were constructed by plotting the hit rates against the false alarm rates 
across each level of confidence.  Differences in discrimination are reflected by points that fall on 
distinct theoretical curves for different conditions, with points near the top-left corner reflecting better 
discriminability for those items (i.e., more hits and fewer false alarms); accuracy can be quantified as 
the area under the ROC, Az, which ranges from 0.5 (chance) to 1.0 (perfect).  Memory bias is reflected 
by the relative position of points on the same curve.  Points nearer to (1,1) reflect higher hit and false 
alarms rates, indicating a more liberal memory bias.  Thus separate curves for the categorized and 
neutral items indicate differences in memory accuracy, whereas similar curves that are shifted relative 
to one another reflect differences in bias.  
There are two relevant patterns shown in Figure 1.  First, there is a slight advantage in 
discriminability for both types of categorized words relative to neutral words in the low-proportion 
condition, reflected by the fact that the circles lie above the x's.  However this advantage was not 
present in the medium- and high-proportion conditions.  In addition, the discriminability analyses 
below show the differences were weak and did not reach significance.  Second, the results for bias 
show no evidence for a liberal memory bias in the low proportion condition, as the circles are not 
shifted right of the x’s.  However the points for categorized words shift in the medium- and high-
conditions, revealing the bias that was identified in the response rate analyses.  
 Comparisons were performed on the measures calculated from the ROC curves to complement 
the visual inspection of the ROC curves.  Values of Az were derived from each participant's data to 
provide a bias-free measure of discriminability, and the z-transform of the false alarm rates was 
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calculated to a measure of bias, zF.  Other measures of bias can be used, but we focused on the false-
alarm based one since the most reliable effects were observed for that measure. Higher values of zF 
indicate more liberal memory bias (i.e., greater false alarms) and lower values of Az indicate poorer 
discriminability.  These measures were submitted to a 3 (proportion: low, medium, high) x 2 (stimulus 
type) mixed ANOVA.  In Experiment 1 there was a more liberal bias overall for negative words 
[F(1,82) = 42.35, MSe = 3.32, p < .001], but that effect was qualified by a significant interaction with 
proportion [F(2,82) = 15.96, MSe = 1.25, p < .001].  Planned comparisons showed that bias was more 
liberal for negative words in the high [t(27) = -7.67, p < .001] and medium proportions [t(28) = -2.35, p 
= .026], but not the low proportion [t(27) = -.679, p = .503]. Experiment 2 revealed a similar pattern.  
Bias was overall more liberal for animal words [F(1,60) = 9.34, MSe = .861, p < .001], but it was 
qualified by a marginally significant interaction with proportion [F(2,60) = 2.73, MSe = 2.37, p = 
.076].  Bias was more liberal for animal names in the high [t(19) = -2.98, p = .008] and medium 
proportions [t(22) = -2.1, p = .048], but not the low proportion [t(20) = -.326, p = .748].  The ANOVA 
on Az showed no differences in discriminability for either experiment indicating comparable memory 
accuracy between each class of words across the different proportion conditions (see Table 1).  
 
General Discussion 
 The results of this study complement a growing body of literature suggesting that certain effects 
for emotional items in recognition memory are due to factors other than emotional valence or arousal.  
The present study found a liberal memory bias for negatively-valenced stimuli only when the 
categorical theme of the items was a salient aspect of the study list.  Similar bias effects were shown 
for animal names that did not differ from the comparison neutral words in either valence or arousal, 
suggesting the results are driven by category membership.   This pattern of results was demonstrated in 
the response rates, the visual ROCs, and the indices of discriminability and bias calculated from the 
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confidence ratings, suggesting a reliable effect of category membership.   
Although there was a reliable increase in bias across proportion conditions for false alarms, the 
same increase was not found for hits, in contrast to the predicted effect of the memory boost from 
overlapping category features.  One explanation is that the shared category features that drive the 
increase in false alarms are also features that are readily committed to memory.  That is, the emotional 
(or animal) features of the studied words would likely be stored in memory even without strong 
categorical effects, thus any boost from feature overlap for studied words would be negligible.  There 
could also be “oddball” effects of the categorized words in the low proportion conditions.  The 
infrequent occurrence of these items could increase their salience and distinctiveness in the study list, 
both of which can improve later retention for the items (see Talmi 2004 for similar concept).  This 
distinctiveness would decrease if a many of those words appeared in the list.  Thus as the category 
effects increase across the proportion manipulation, the distinctiveness effects decrease.  These 
conflicting effects could cancel each other out and result in a null effect of proportion on the hit rate. 
Future work will be needed to unpack these possibilities.    
The same pattern of bias was shown for negative words and animal names, but the effects were 
stronger for the negative words.  For example the bias effect in high-proportion condition was r = .8 for 
emotional words but only r = .6 for animal names.  This might imply that the emotional words are 
more categorically-related than the animal names, even though they have similar LSA interrelatedness 
scores.  Unfortunately we do not have an additional index of category relatedness to directly test this 
possibility.  Conversely, it could suggest that the valence and arousal of the emotional words affect 
memory bias beyond the categorical effects explored in this study.  In fact, the negative emotional 
words used in this study produced a stronger memory bias than positive emotional words in previous 
studies (Dougal & Rotello, 2007, Kapucu, et al., 2008), even though the positive words were 
categorically related in the same manner as the negative words.  Since those words were matched on 
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arousal, the difference was likely driven by valence.  In support of this, Thapar and Rouder (2009) 
found that valence affects bias differently across aging, with young participants showing a bias for 
negative items and older participants showing a bias for positive items (c.f. Kapucu et al., 2008).  
Recent work also suggests that valence can affect categorical similarity, as positively valenced 
information is more similar and interrelated than negatively valenced information (Unkelback et al., 
2008).  However, that would predict stronger, not weaker, memory bias for positive than negative 
words, which is the opposite of what Dougal and Rotello (2007) found.  These findings suggest that 
valence (and arousal) could affect bias beyond the categorical effects we found, and future work is 
needed to further explore how these factors contribute to bias and categorical effects in memory.  
Nonetheless, the bias effects in this study were qualitatively similar for the animal names that did not 
differ from the neutral words in valence or arousal.  
The present results speak to the role of category membership in memorial bias, but they do not 
differentiate the roles of encoding and retrieval because the same proportions were used at study and 
test.  However if bias was driven by the composition of the test list rather than the study list, it should 
be more pronounced in the second half of the test list (after more categorized words had been 
encountered).  In brief the data did not show this effect; for each proportion-condition the magnitude of 
bias for categorized words was roughly the same for both halves of the test list.  Thus the bias effect is 
primarily due to encoding effects, which we believe are a consequence of the buildup of shared 
category features in the memory trace.      
Although the present study focused on recognition memory, related work suggests that 
categorical effects have a similar influence on emotional memory in other domains like free recall.  
Talmi and Moscovitch (2004) found greater recall for emotional stimuli when compared to unrelated 
neutral stimuli, but not when compared to neutral stimuli that were drawn from a single category (e.g., 
driving- or kitchen-related items; see also Talmi, Luk, McGary, & Moscovitch, 2007).  When category 
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relatedness and distinctiveness were controlled, there was no longer a recall advantage.  There are 
important distinctions between recall and recognition tasks, but the results from recall tasks are 
consistent with the idea that some of the memorial effects of emotion might be driven by categorical 
nature of emotional items.     
Finally our results suggest a methodological approach for researchers interested in effects of 
emotional memory independent of categorical effects.  Presenting these target stimuli infrequently in 
the lists reduces the saliency of the categorical effects, eliminating the liberal bias.  We have employed 
this approach previously to prevent participants from noticing the stimuli of interest, and similarly did 
not observe a liberal bias for emotional words (White, Ratcliff, Vasey, & McKoon, 2009; 2010).  
These findings also bring into question whether previous studies of emotional memory were potentially 
confounded with categorical effects, which could obscure our understanding of how emotion and 
memory interact.   
 In conclusion, the present study shows that emotion affects immediate recognition memory bias 
primarily through effects of category membership.  The memorial bias found for negative emotional 
words was dependent on the saliency of the category in the study list and similar to bias for non-
emotional animal names, suggesting that valence and arousal were not driving the effects.  Importantly 
these results should not be taken to imply that emotion has no effects on memory.  The effects of 
category membership in this study were stronger for the emotional words than non-emotional animal 
names, suggesting that emotion might influence memory by providing strong organizing features for 
relational processing (Phelps et al., 1998). 
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Figure Captions 
 
Figure 1.  Left: Hit and false alarm rates averaged across participants.  Dark bars represent categorized 
words (emotional or animal names) and light bars represent neutral words.  Error bars represent 95% 
confidence intervals.  Right: ROCs averaged across participants.  Low, medium, and high refer to the 
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Table 1.  Summary statistics averaged across participants. 
  Negative - Neutral   
Experiment 1 Hit Rate False Alarm Rate  Az zF 
Low Proportion  .08  * .01  .00 .05  
Med. Proportion   .08  *   .05 * .01    .18 * 
High Proportion .13 *  .18 * .00   .62 * 
     
  Animal - Neutral   
Experiment 2 Hit Rate False Alarm Rate  Az zF 
Low Proportion .08 * .01 .02 .04  
Med. Proportion .07 *   .03 * .00   .13 * 
High Proportion .05 *   .09 * .01   .34 * 
 
Note.  Presented values are difference scores for each measure calculated as the categorized words 
minus the neutral words; positive values indicate higher value for categorized items.  Az and zF are the 
discriminability and bias indices, respectively, calculated from the ROC analysis.  Positive values of zF 
indicate more liberal bias for categorized relative to neutral words.  * indicates value is significantly 
different from 0 (p < .05). 
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Appendix 
Negative emotional and matched neutral words (Exp 1) 
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Animal names and matched neutral words (Exp 2) 
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ape 
bat 
 
 
aisle 
banana 
 
potato 
purse 
 
 
